1. Introduction {#sec0001}
===============

The new pandemic of COVID-19 is turning our world upside down. Our main concern is people with multiple sclerosis (pwMS) on higher efficacy disease modifying treatments (DMT) because infection risk is increased in them ([@bib0011]). Depending on the mechanism of action, they have different risk profiles for infections, including SARS-CoV-2 virus. First communications from registries ([@bib0009]) are reassuring as pwMS have similar prognosis and risk factors for severe COVID-19 disease to that of the general population: older age and comorbidities, plus other more specific to MS: progressive phenotype, higher disability, and longer disease duration.

It is important to create evidence to guide our MS management. For that, we aim to share our experience about COVID-19 in MS patients treated with alemtuzumab, one of them in the first week after dosing.

1.1. Case 1 {#sec0002}
-----------

43-year-old male, without comorbidities, and diagnosis of relapsing remitting multiple sclerosis (RRMS) (see [Table 1](#tbl0001){ref-type="table"} for further MS and COVID-19 characteristics). He was free of disease activity and EDSS 0, but he maintained a persistent lymphopenia (550 cells/µL) after 11 months from the last alemtuzumab infusion. Five days after developing low-grade fever, cough and myalgias, the patient tested positive for SARS-Cov-2 on reverse transcription-polymerase chain reaction (PCR). First, Paracetamol and home self-isolation was recommended. However, one week later he was admitted to emergency department (ED) as he felt shortness of breath. Chest X ray and blood gas analysis were normal. Total lymphocyte count (TLC) dropped to 200 cells/µL (cells counts and profile is detailed in [Fig. 1](#fig0001){ref-type="fig"} a). He was discharged home with 10 days of hydroxychloroquine, lopinavir/ritonavir, and Amoxicillin treatment. Five weeks after the beginning of the symptoms, he was fully recovered, and he returned to work. Then, he had positive IgG test and negative PCR for SARS-CoV-2.Table 1Additional information regarding baseline, multiple sclerosis and COVID-19 characteristics of our two patients.Table 1Case 1Case 2Baseline Age (years)/sex43/male30/female ComorbiditiesNoneEx-smoker for 2 yearsMultiple sclerosis TypeRRMSRRMS Current EDSS02.5 Disease duration (years)142.5 Last MRI (lesion load)LowHigh Alemtuzumab dosing  Year 1April 2018March 2019  Year 2April 2019March 2020 Previous DMTFingolimod\
Interferon-beta---COVID-19 Onset10-MAR-202018-MAR-2020 Diagnostic method  Chest X-rayNormalBilateral pneumonia  PCR SARS-CoV-2 (nasopharyngeal swab)Positive (15-MAR-2020)\
Negative (06-APR-2020)Positive (19-MAR-2020)\
Negative (25-MAY-2020)  Serum IgG SARS-Cov-2Positive (07-MAY-2020)Positive (27-MAY-2020) Maximum lymphopenia (cells/µL)2000 Severe diseaseNoNo Hospitalization (days)NoYes (4) TreatmentLopinavir/ritonavir\
Hydroxychloroquine\
AmoxicillinHydroxychloroquine\
Ceftriaxone/cefditoren Treatment duration10 days9 days Follow-upRecoveredRecoveredFig. 1Temporal evolution of immune cells populations in our two MS patients who developed COVID-19 under alemtuzumab treatment across disease stages. A) Case 1: prior to infection, during COVID-19 and the next 2 months. B) Case 2: prior to alemtuzumab infusion, prior to infection, during COVID-19, and the next 2 months. Total count of lymphocytes (normal values: 1000--4000 cells/µL), neutrophils (normal values:1800--7500 cells/µL) and monocytes (normal values: 130--900 cells/µL) are represented in lines. Lymphocyte profile (CD4, CD8, CD19 and NK cells) are showed in bars, when available. Y2=year 2, 1M=1 month, 2M=2 months.Fig. 1

1.2. Case 2 {#sec0003}
-----------

30-year-old female, no comorbidities ([Table 1](#tbl0001){ref-type="table"}). She was diagnosed with RRMS after a first disabling relapse and her baseline MRI showed a high T2 lesion load with several gadolinium enhancing ones. One year after alemtuzumab initiation, she was relapse-free and stable in her EDSS of 2.5, but MS was still active in her brain MRI. She received her second-year dose plus pulses of IV methylprednisolone 1 g daily for 3 days. One week later, on March 19th, she consulted in the ED with high fever and cough. Chest X-ray was normal and within her analysis stood out a TLC of 0 cells/µL and a positive PCR for SARS-CoV-2. She did not have respiratory failure and was discharged home on hydroxychloroquine. Acyclovir and trimethoprim-sulfamethoxazole was maintained as prophylaxis. On March 23rd, she was readmitted to the ED due to dyspnea and persistent fever. A new chest-X-ray showed bilateral infiltrates in the lungs and lymphocyte count had risen to 160 cells/µL ([Fig. 1](#fig0001){ref-type="fig"}b). Then, she was hospitalized for observation and antibiotics were added to prevent bacterial superinfection. Luckily, she did not need supplementary oxygen, and she was discharged 3 days later with significant improvement. One month later, she was also fully recuperated at home. At her last follow-up, her PCR was negative and she tested positive for IgG anti-SARS-Cov2.

2. Discussion {#sec0004}
=============

Alemtuzumab, an anti-CD52 monoclonal antibody, is one of the most potent immunosuppressive drugs used in MS, leading to a rapid, profound and prolonged impact in circulatory T and B cells ([@bib0002]). An increased risk of infections has been described, being highest during the first month after each infusion, and decreasing over time. This spectrum includes viral infections, mostly by herpes virus ([@bib0012]). Therefore, alemtuzumab carries a theoretical high risk of developing COVID-19 if the infection occurs before immune reconstitution and the general recommendation is postponing infusions until the pandemic is controlled ([@bib0003]; [@bib0005]; [@bib0006]). Interestingly, only a minority of patients develop severe infections. This means that some immunocompetence is maintained, probably because the remaining lymphocytes are functional, the depletion in lymphoid organs is scarce and the innate immune response is mostly preserved, since macrophages, NK cells and neutrophils have a low CD52 expression ([@bib0010]; [@bib0012]).

Both of our patients were young, without comorbidities and with low MS-related disability. Although one was admitted to hospital, it was a precaution due to her significant immunosuppression state. Both recovered without sequelae, stopped shedding coronavirus with PCR-negative nasopharyngeal swabs, and developed IgG antibodies against SARS-CoV-2, even with extremely low lymphocyte counts. Similar experiences, with uneventful recoveries despite lymphopenia, have been described in four people with MS who suffer a mild COVID-19 disease one week ([@bib0004]), two months ([@bib0007]) and one year ([@bib0008]) after their second course of Alemtuzumab.

In our first patient, we observed a significant increase in TCD8+, and TCD4+ to a lesser extent, after the infection, without changes in the rest of the populations. Our second patient showed a significant increase in monocytes and neutrophils during the acute phase of the infection, which might have played a key role in the absence of lymphocytes. Even in the first month after alemtuzumab, she was able to produce a sufficient adaptative response, including antibody production against SARS-CoV-2 and elevation of CD8+ cells.

In times of uncertainty, we should carefully individualize treatment decisions to successfully manage MS. In some pwMS, especially young and otherwise healthy with highly active MS, the risk of a disabling relapse or disease progression might be higher than the risk of severe complications due to SARS-CoV-2 infection ([@bib0003]). On the other hand, given that innate immunity seems to be essential in the control of the virus ([@bib0001]), it is possible that the risk of COVID-19 in our patients is lower than initially expected, since DMT in MS barely affect it. Moreover, a certain degree of immunosuppression might be protective because the severe acute respiratory syndrome (SARS) is related to a dysregulated immune response ([@bib0006]). Therefore, in selected patients we should consider continuing DMTs as planned, including alemtuzumab, if safe conditions are ensured: outside of the peak of the outbreak, availability of clean spaces in the hospital for the infusions and a proper self-isolation at home until immune reconstitution.
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